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a  b  s  t  r  a  c  t
Background:  The  risk  of damage  to cutaneous  sensory  nerves  located  near  portals  has  been  evaluated
for both  conventional  arthroscopy  and  extra-articular  posterior  ankle  endoscopy.  The  objective  of  the
anatomic  study  reported  here  was  to  assess  the  risk  of  injury  to the  sural  nerve  or lateral  calcaneal  nerve
while  using  the  distal  lateral  portal  for  the  Achilles  tendinoscopy  procedure  described  by  Vega  et  al.  in
2008.
Materials  and  methods:  We  dissected  the  sural  nerve  and  its  branch,  the  lateral  calcaneal  nerve,  of  13
human  cadaver  ankles  in the  prone  position.  We  deﬁned  P  as the  point  where  the Achilles  peritendon
was  opened  during  the distal  lateral  approach  used  for  the  study  technique.  P was adjacent  to  the  lateral
edge  of  the Achilles  tendon,  2 cm proximal  to  the  postero-superior  edge  of  the  calcaneal  tuberosity.  T  was
deﬁned  as  the  attachment  site of  the  most  lateral  ﬁbres  of  the  Achilles  tendon  to  the  postero-superior
edge  of  the  calcaneal  tuberosity.  We  evaluated  the origin  of  the  lateral  calcaneal  nerve  relative  to  T  and
we measured  the  shortest  distances  separating  P  from  the  sural  nerve  and  lateral  calcaneal  nerve.
Results:  A  lateral  calcaneal  nerve  was identiﬁed  in 10 (77%)  ankles  and  originated  a mean  of  39.1  mm
(range,  25.0–65.0  mm)  proximal  to T.  P  was  at a mean  distance  from  the  sural  nerve  of  12.3 mm  (range,
5.0–18.0  mm)  and from  the  lateral  calcaneal  nerve  of  6.8  mm  (range,  4.0–9.0  mm).  The median  difference
between  these  two distances  was  statistically  signiﬁcant  (P =  0.002).
Discussion: While  using  the distal  lateral  portal for  Achilles  tendinoscopy,  the  lateral  calcaneal  nerve  is
at greater  risk  for injury  than  is the  sural  nerve.
Level of evidence:  Level  IV. Anatomic  Study.. Introduction
Nearly two decades ago, Maquirriain [1] described an endo-
copic technique for the surgical treatment of non-insertional
chilles tendon lesions. Vega et al. [2] reported a detailed variant
f this technique in 2008.
In addition to Achilles tendinoscopy, the array of endoscopic
echniques for treating posterior ankle compartment disorders
ncludes conventional (intra-articular) arthroscopy procedures and
xtra-articular endoscopy procedures (for posterior ankle impinge-
ent syndrome and Haglund’s deformity) [3]. Riley et al. reported
 lower overall complication rate after extra-articular endoscopy
rocedures than after open surgery [4]. Nerve injury is among the
ost common complications (Table 1) and is chieﬂy related to the
reation and use of the portals [5,12]. The sural nerve or its branch,
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the lateral calcaneal nerve, can be injured while creating a postero-
lateral portal [13].
In a 2009 article, Bohu et al. [3] pointed out the lack of stud-
ies speciﬁcally designed to assess the risk of sural nerve injury
during Achilles tendinoscopy. A comment written by Golanó and
Vega [14] in 2013 underlines the importance of anatomy to avoid
complications during endoscopic procedures.
Here, we used cadaver ankles to assess the distal lateral portal
used in the Achilles tendinoscopy technique described by Vega et al.
in 2008 [2]. Our objective was  to evaluate the risk of injury to the
sural and lateral calcaneal nerves.
2. Material and methods
2.1. MaterialThe cadavers were dissected at the anatomy laboratory of the
school of medicine in Amiens, France. We dissected 13 well-
preserved, embalmed, lower limbs harvested under the knee and
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Table  1
Retrospective studies of complications of endoscopic procedures on the posterior ankle.
Studies Year Number of patients Incidence of complications Incidence of nerve injury Proportion nerve
injuries/complications
Ferkel [5] 1996 612 11.1% (68/112) 4.4% (27/612) 40.0% (27/68)
Acevedo [6] 2000 29 17.2% (5/29) 0% (0/29) 0% (0/5)
Young [7] 2011 294 6.8% (20/294) 5.4% (16/294) 80.0% (16/20)
Ogut  [8] 2011 60 3.3% (2/60) 3.3% (2/60) 100% (2/2)
Galla  [9] 2011 36 29.0% (8/36) 6.6% (2/36) 25% (2/8)
9) 4.0% (7/189) 44.0% (7/16)























Fig. 2. Lateral view of the sural nerve (SN) and lateral calcaneal nerve (LCN) iden-
tiﬁed after dissection of a cadaveric right ankle. The small saphenous vein has beenNickisch [10] 2012 189 8.9% (16/18
Deng [11] 2012 405 7.69% (20/4
ree of posterior scars. The specimens were from 7 males and 6
emales, all Caucasians. The right limb was harvested in 8 cases
nd the left limb in 5 cases.
.2. Dissection protocol
The lower limbs were maintained in the prone position by a
lamp with the ankle hanging free over the edge of the table. A
ransverse incision was made two ﬁngerbreadths under the tip of
he lateral malleolus, to the middle of the postero-superior edge of
he calcaneal tuberosity. A 90◦ extension to this incision was then
ade along the midline toward the proximal end of the limb (Fig. 1).
he cutaneous plane of the posterior ankle was detached along
he upper surface of the fascia superﬁcialis covering the Achilles
endon. We  identiﬁed the small saphenous vein, sural nerve, and
ateral calcaneal nerve [13]. Our objective was to make no changes
o the positions of the sural and lateral calcaneal nerves relative to
he lateral edge of the Achilles tendon (Fig. 2)..3. Measurement of the study variables
We  deﬁned two points, P and T. P was the site at which the
chilles peritenon was opened via the distal lateral portal as
ig. 1. Diagram of the posterior aspect of the right ankle. Anatomic landmarks
sed to create the postero-lateral portal for ankle endoscopy. A. Sural nerve; B.
ibular tendon trajectories; C. Achilles tendon; D. Tip of the lateral malleolus; E. Lat-
ral calcaneal nerve; F. Postero-superior edge of the calcaneal tuberosity; G. Small
aphenous vein.
resected. The subcutaneous needle indicates the point where the calcaneal bursa is
opened during the tendinoscopy procedure described by Vega et al. [2].
described by Vega et al. [2] in 2008. P was  2 cm proximal to the
postero-superior edge of the calcaneal tuberosity and adjacent to
the lateral edge of the Achilles tendon. T was  the site of attachment
of the most lateral Achilles tendon ﬁbres on the postero-superior
edge of the Achilles tendon.
We used callipers graduated in millimetres to measure three
distances: from T to the point of intersection between the edge
of the Achilles tendon and a line perpendicular to that edge and
starting at the origin of the lateral calcaneal nerve (Fig. 3) and the
shortest distances separating P from the sural nerve and from the
lateral calcaneal nerve (Fig. 4).
2.4. Statistical analysis
Each of the three distances measured was  described as the mean
value and the qualitative variable, i.e., presence of absence of a
lateral calcaneal nerve, as n (%). To determine whether median dif-
ferences between two  series of distances differed signiﬁcantly, we
chose the Wilcoxon signed rank test performed using Stat View 5.2
software (SAS Institute Inc., Cary, NC).
3. Results
A lateral calcaneal nerve was identiﬁed in 10 (77%) of the 13
ankles. It arose from the posterior aspect of the sural nerve then
coursed more posteriorly and closer to the midline than the main
sural nerve branch, which was  directed towards the lateral edge of
the foot. The mean distance from the origin of the lateral calcaneal
nerve and T proximally was  39.1 mm  (range, 25–65 mm).
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Measured values of the study variables.








1 Yes 40 13 6
2  Yes 35 17 9
3  Yes 40 9 5
4  Yes 25 10 5
5  No – 10 –
6  Yes 40 15 8
7  Yes 65 15 8
8  No – 5 –
9  No – 10 –
10 Yes 48 18 8
11 Yes 30 10 4
12 Yes 30 10 8
13 Yes 38 18 7
Distance A (mm):  from T to the origin of the lateral calcaneal nerve; Distance B (mm):
from P to the sural nerve; Distance C (mm):  from P to the lateral calcaneal nerve.ance [d] separating T from the line starting at the origin of the lateral calcaneal
erve and running perpendicular to the lateral edge of the Achilles tendon.
The mean shortest distance from P to the sural nerve was
2.3 mm (range, 5–18 mm).  The mean shortest distance from P
o the lateral calcaneal nerve was 6.8 mm (range, 4–9 mm).  The
edian difference between these two differences for the 10 ankles
ith lateral calcaneal nerves was 7 mm (range, 2–11 mm).  This dif-erence was statistically signiﬁcant (P = 0.002).
Table 2 reports the values of all the study measurements.
ig. 4. Diagram of the posterior aspect of the right ankle. Measurement of the dis-
ances separating P from the sural nerve (NS) and lateral calcaneal nerve (LCN).4. Discussion
The sural nerve is at moderate risk for injury while creating
the distal lateral portal for the Achilles tendinoscopy technique
as described by Vega et al. [2]. The risk is greater for the lateral
calcaneal nerve.
Measurement bias can occur during anatomic studies. We  used
well-preserved embalmed cadavers as opposed to fresh cadav-
ers. Although we took care to avoid bias related to ankle position
during the measurements, some of the ankles were in the equi-
nus position. In a study involving magnetic resonance imaging
in adult volunteers, Ürgüden et al. showed that ankle position
affected the relationships between the portals and nerves [15].
In a cadaver study, Sitler et al. [16] found that the mean dis-
tance from the sural nerve and the postero-lateral arthroscopy
portal described by Ferkel et al. [5] was  shorter than that
reported by Feiwell et al. [17] and suggested ankle position as
the explanation to this difference. Moreover, bias occurred in the
evaluation of the risk, as the dissections were started before the
tendinoscopy procedure was  complete. The creation of the three-
tendinoscopy portals (lateral distal, proximal, and medial distal)
followed by the introduction and manipulation of instruments
requires ankle motion [2]. Injuries may  result both from this motion
and from the passage of the instruments, given their diameter and
direction [18].
The postero-lateral portal used for conventional (intra-articular)
arthroscopy as described by Ferkel et al. [5] is created by drawing
a line perpendicular to the axis of the leg and running through the
tip of the lateral malleolus (Fig. 5). The portal is adjacent to the
lateral edge of the Achilles tendon, 12 mm above the line, and is
directed towards the centre of the ankle joint [5,9]. For posterior
ankle endoscopy, the postero-lateral portal described by Van Dijk
et al. [19] is adjacent to the lateral edge of the Achilles tendon,
located just proximal to the line running through the tip of the
lateral malleolus, and directed towards the ﬁrst inter-metatarsal
space. In patients with Haglund’s deformity, an accessory por-
tal can improve the visualisation of the Achilles tendon insertion
site [6,20,21]. No published studies have assessed the risk of lat-
eral calcaneal nerve injury related to the postero-lateral approach
during ankle endoscopy (Fig. 5). The risk of sural nerve injury dur-
ing Achilles tendinoscopy as described by Vega et al. [2] may  be
moderate compared to the risk associated with other endoscopic
procedures on the postero-lateral ankle (Table 3). The distal lat-
eral portal is safest when created in contact with the Achilles
tendon.
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Table  3
Anatomic studies evaluating the shortest distance between the sural nerve and postero-lateral portals used for endoscopic ankle surgery.
Studies Year Number of patients Shortest distance from the portal to the sural nerve
Portal evaluated Mean [min;max]
Feiwell [17] 1993 18 Ferkel PLP 6.0 [0;12.0]
Acevedo [6] 2000 10 AccPLP 6.6 [2.3;14.3]
Webb [20] 2000 30 T 18.8 –
Sitler  [16] 2002 13 Ferkel PLP 3.2 [0;8.9]
Wang. [20] 2007 40 AccPLP 27.6 –
Woo  [22] 2010 23 Van Dijk PLP 12.6 [7.0;23.0]
Eid  [23] 2011 24 T 16 –
Heck. [24] 2012 7 Van Dijk PLP 7.1 [4.0;11.0]
Carmont [21] 2012 17 AccPLP 12.0 [6.0;19.0]
Carmont [21] 2012 17 Van Dijk PLP 14.1 [11.0;18.3]
Blackmon [25] 2013 107 P 11.9 –
Blackmon [25] 2013 107 T 19.4 –
Our  study 2014 10 P 12.3 [5.0;18.0]
PLP: postero-lateral portal described by Ferkel et al. [5] or Van Dijk et al. [19]; AccPLP: ac
tendon, 2 cm proximal to the postero-superior edge of the calcaneal tuberosity; T: site of 
of  the calcaneal tuberosity.
Fig. 5. Diagram of the posterior aspect of the right ankle. Postero-lateral portals for
ankle endoscopy. 1. Conventional arthroscopy as described by Ferkel et al. [5]; 2.
Extra-articular endoscopy as described by Van Dijk et al. [19]; 3. Accessory postero-
lateral portal as described by Acevedo et al. [6]; 4. Accessory postero-lateral portal






















[25] Blackmon JA, Atsas S, Clarkson MJ,  Fox JN, Daney BT, Dodson SC, et al.y Carmont et al. [21]; P: distal lateral portal used for the Achilles tendinoscopy
rocedure described by Vega et al. [2].
isclosure of interest
The authors declare that they have no conﬂicts of interest con-
erning this article.
eferences
[1] Maquirriain J. Endoscopic release of Achilles peritenon. Arthroscopy
1998;14:182–5.
[2] Vega J, Cabestany JM,  Golanó P, Pérez-Carro L. Endoscopic treatment for chronic
Achilles tendinopathy. Foot Ankle Surg 2008;14:204–10.
[3] Bohu Y, Lefèvre N, Bauer T, Laffenetre O, Herman S, Thaunat M,  et al. Surgi-
cal  treatment of Achilles tendinopathies in athletes. Multicenter retrospective
series of open surgery and endoscopic techniques. Orthop Traumatol Surg Res
2009;95(Suppl 1):S72–7.cessory postero-lateral portal; P: point adjacent to the lateral edge of the Achilles
attachment of the most lateral Achilles tendon ﬁbres on the postero-superior edge
[4] Zwiers R, Wiegerinck JI, Murawski CD, Smyth NA, Kennedy JG, van
Dijk  CN. Surgical treatment for posterior ankle impingement. Arthroscopy
2013;29:1263–70.
[5] Ferkel RD, Heath DD, Guhl JF. Neurological complications of ankle arthroscopy.
Arthroscopy 1996;12:200–8.
[6] Acevedo JI, Busch MT, Ganey TM, Hutton WC,  Ogden JA. Coaxial portals for
posterior ankle arthroscopy: An anatomic study with clinical correlation on 29
patients. Arthroscopy 2000;16:836–42.
[7] Young BH, Flanigan RM,  DiGiovanni BF. Complications of ankle arthroscopy
utilizing a contemporary noninvasive distraction technique. J Bone Joint Surg
(Am) 2011;93:963–8.
[8] Ogut T, Ayhan E, Irgit K, Sarikaya AI. Endoscopic treatment of posterior ankle
pain. Knee Surg Sports Traumatol Arthrosc 2011;19:1355–61.
[9] Galla M,  Lobenhoffer P. Technique and results of arthroscopic treatment of
posterior ankle impingement. Foot Ankle Surg 2011;17:79–84.
10] Nickisch F, Barg A, Saltzman CL, Beals TC, Bonasia DE, Phisitkul P, et al. Postop-
erative complications of posterior ankle and hindfoot arthroscopy. J Bone Joint
Surg Am 2012;94:439–46.
11] Deng DF, Hamilton GA, Lee M,  Rush S, Ford LA, Patel S. Complications associated
with foot and ankle arthroscopy. J Foot Ankle Surg 2012;51:281–4.
12] Carlson MJ,  Ferkel RD. Complications in ankle and foot arthroscopy. Sports Med
Arthrosc 2013;21:135–9.
13] Golanó P, Vega J, Pérez-Carro L, Götzens V. Ankle anatomy for the arthroscopist.
Part I: the portals. Foot Ankle Clin 2006;11:253–73.
14] Golanó P, Vega J. Comment on “Complications in ankle arthroscopy”: Anatomy,
an  important factor to avoid complications related to ankle arthroscopy. Knee
Surg Sports Traumatol Arthrosc 2013;21:1708–9.
15] Ürgüden M,  C¸ evikol C, Dabak TK, Karaali K, Aydın AT, Apaydın A. Effect of
joint motion on safety of portals in posterior ankle arthroscopy. Arthroscopy
2009;25:1442–6.
16] Sitler DF, Amendola A, Bailey CS, Thain LMF, Spouge A. Posterior
ankle arthroscopy: an anatomic study. J Bone Joint Surg (Am) 2002;84:
763–9.
17] Feiwell LA, Frey C. Anatomic study of arthroscopic portal sites of the ankle. Foot
Ankle 1993;14:142–7.
18] Yoshimura I, Naito M,  Kanazawa K, Ida T, Muraoka K, Hagio T. Assessing the
safe direction of instruments during posterior ankle arthroscopy using an MRI
model. Foot Ankle Int 2013;34:434–8.
19] Van Dijk CN, Scholten PE, Krips R. A 2-portal endoscopic approach for diag-
nosis and treatment of posterior ankle pathology. Arthroscopy 2000;16:
871–6.
20] Wang L, Gui J, Gao F, Yu Z, Jiang Y, Xu Y, et al. Modiﬁed posterior portals for
hindfoot arthroscopy. Arthroscopy 2007;23:1116–23.
21] Carmont MR,  Stroud R, Bjorndalen H, Crowther J, Ribbans WJ,  Grifﬁn D. The
safety proﬁle of a retrospective accessory postero-lateral hind foot portal: the
risk  of sural nerve damage during visualisation of the Achilles tendon insertion.
Foot Ankle Surg 2012;18:128–31.
22] Woo  SB, Wong TM,  Chan WL,  Yen CH, Wong WC,  Mak KL. Anatomic variations
of  neurovascular structures of the ankle in relation to arthroscopic portals:
a  cadaveric study of Chinese subjects. J Orthop Surg (Hong Kong) 2010;18:
71–5.
23] Eid EM, Hegazy AMS. Anatomical variations of the human sural nerve and its
role in clinical and surgical procedures. Clin Anat 2011;24:237–45.
24] Heck J, Mendicino RW,  Stasko P, Shadrick D, Catanzariti AR. An anatomic
safe  zone for posterior ankle arthroscopy: a cadaver study. J Foot Ankle SurgLocating the sural nerve during calcaneal (Achilles) tendon repair with conﬁ-
dence: a cadaveric study with clinical applications. J Foot Ankle Surg 2013;52:
42–7.
